We investigated the magnetoresistance (MR) effect of the pyrochlore oxide Nd 2 Ir 2 O 7 , which shows a metal-insulator transition at T MI = 33 K. A small positive MR effect was observed in the metallic state above T MI , while a large negative MR effect was observed in the insulating state below T MI . MR effects ([ρ(B = 0) − ρ(B)]/ρ(B)) exceeding 3000% were found at 1 K at a field of 9 T. As a result, we confirmed the crossover from the insulating state to a state with a small or partial band gap in a field up to 56 T. The discovery of giant magnetoresistance (GMR) in thin-film structures composed of alternating ferromagnetic and nonmagnetic layers has opened up a new field of electronics called spintronics. 1 The GMR effect is observed as a large change in resistance depending on the parallel or antiparallel alignment of ferromagnetic layer magnetizations. This effect has been applied in disk read heads of modern hard disk drives and magnetic sensors. However, GMR has also been discovered in strongly correlated electron systems, mainly in manganites. 2, 3 This GMR is caused by the field-induced transition from nonmetal to metal as a bulk
DRAFT
A recent study has revealed a metal-insulator transition (MIT) in 4d and 5d transitionmetal pyrochlore oxides. [4] [5] [6] [7] [8] Pyrochlore oxides are composed of a network of corner-shared tetrahedra, whose vertices are occupied by spins; this is called the pyrochlore lattice. 9 As these spins may give rise to strong geometrical frustration, unusual spin fluctuations are underlying in pyrochlore oxides. [10] [11] [12] [13] [14] Therefore, 4d and 5d transition-metal pyrochlore oxides can indicate novel electronic properties such as GMR in a magnetic field.
In our recent study, we successfully synthesized purified polycrystalline samples of the 7 The resistivity measurement was performed by a four-probe method. The DC resistivities up to 9 T were measured under a static magnetic field (Quantum Design PPMS). The DC and AC resistivities up to 56 T were measured using a pulsed magnetic field at the Institute for Solid State Physics, the University of Tokyo. In all MR measurements, the magnetic field was applied parallel to the current direction. netization process at 2 K shows a small hysteresis at around 3 T. In addition, a tiny residual magnetization of 10 −3 µ B /f.u. is observed; although the residual magnetization appears as a tiny ferromagnetic moment below T MI , the origin is not still clear. Therefore, we can speculate that the large hysteresis at a zero field is caused by the tiny ferromagnetic moment. These results suggest that the large hysteresis in the MR is related to the small hysteresis in the magnetization process.
We will now discuss the relationships between the MR and magnetization from the results shown in Fig. 1 
In the small-magnetization region ((M/M s ) 2 ≤ 0.04), we found that both are proportional to M 2 with different coupling constants; the feature has been discussed for Mn perovskites (La, Sr)MnO 3 . 2, 18, 19 However, as is clear from the result shown in Fig. 1(b) , it is hard to explain the discrepancy between the large hysteresis in the resistivity and the small hysteresis in the magnetization from the above-mentioned relationships. Further study is needed to clarify the origin of this phenomenon. 2) ; with the same assumption, for the data just below T MI , a band gap of 405 K is obtained at a zero field. 7 A state with a small or partial band gap is realized at a field of 56 T.
Next, we will discuss the large hysteresis in the medium temperature range (at 10, 15, and 25 K). This is caused by a magnetocaloric effect due to Nd moments because the sample is set in a quasi-adiabatic condition; in the sweep at 4.2 K, because the sample is soaked in liquid 4 He, it is set in an isothermal condition. Assuming an adiabatic condition in the up-sweep, the increase in sample temperature at 10 K is estimated to be approximately 15 K. The sample temperature unavoidably increases in the up-sweep. The actual increase in sample temperature is expected to be 2-3 K. On the other hand, the sample is cooled in the down-sweep. Actually, after the field sweep, a relaxation to the thermal equilibrium state is observed as the result of a decrease in resistivity. Therefore, this hysteresis in the medium temperature range is not intrinsic.
To clarify the insulating state under a high magnetic field, we measured the MR of a sys- the Ir moments are small, the energy gain due to the Zeeman effect is small. However, because the Nd moments are larger, the energy gain due to the Zeeman effect is larger. As the applied magnetic field increases, the magnetic structure of the Nd moments changes from the allin/all-out state to the 2-in/2-out or 1-in/3-out (3-in/1-out) state that the magnetic moment is finite. Then, the Nd moments begin to align in the magnetic field direction against the internal field owing to the d-f interaction. Therefore, the disorder in the magnetic structure of the Nd moments is suppressed by applying a magnetic field. Consequently, because the fluctuation of the internal field at the Ir sites due to the d-f interaction is suppressed in a stronger magnetic field, the MR effect may be negative. 
